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Abstract 
BASELINE STUDY FOR MONITORING VARIATIONS IN NITRATE 
CONCENTRATION IN SURFACE WATERS OF CUYAMACA 
RANCHO STATE PARK IN RELATION TO 
WATERSHED TYPES 
by 
Lester E. Harris III 
The purpose of this study was to compare the var-
iations in nitrate concentration in the surface waters 
of five different watershed community types at Cuyamaca 
Rancho State Park. Monthly water samples were collected 
at selected sites below each watershed and analyzed by 
use of a specific ion electrode for nitrate concentration. 
Results indicate that variations in nitrate concentra-
tion are influenced by seasonal variation in rainfall. 
The yellow pine forest/chaparral watershed showed the 
highest mean nitrate concentration, three to four times 
higher than the other watershed types analyzed. Peak 
nitrate concentrations did not approach the maximum safe 
limit for human or animal consumption. The data presented 
here should serve as an adequate baseline for monitoring 
variations in nitrate concentration in surface waters at 
Cuyamaca Rancho State Park after prescribed burning in 
any of the five watershed types analyzed. 
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Investigators in the past few years have come to 
realize that the judicious use of fire in the management 
of state park ecosystems has many beneficial aspects. 
Odum (1969) found that in the southeastern coastal plain 
periodic prescribed burns not only maintained pine forests 
in more desirable states of succession, but also improved 
the wood quality of individual trees. Grelen (1978) 
found that when burns were conducted on the Louisiana 
pine bluestem range, encroaching shrubs that had pre-
viously invaded some areas were eliminated and checked 
from those areas. Controlled burns also enhance commun-
ities of wildlife by removing dense vegetation that phy-
sically impairs habitation by animals (Vogl 1973), and 
in turn stimulates fresh, palatable growth upon which 
animals can browse or in which they can hide (Vogl and 
Beck 1970; Kessler and Dodd 1978). Biswell (1974) states 
that although research has shown periodic prescribed 
burning to be beneficial in some locations, each area 
' must be evaluated separately to understand the results 
of such a program. One such benefit is the addition to 
the soil of ash which has high concentrations of nutri-
ents that were previously held in the standing crop. 
Nitrate has been of particular interest in this regard 
because of its apparent deficiency in many chaparral 
soils (Vlamis and Gowans 1961 ). Christensen (1973) 
found that an analysis of soils from burned and unburned 
chaparral indicated that high nitrate concentrations 
following fire were due to the addition of ammonium and 
organic nitrogen in the ash. Inhibition of mineraliza-
tion in unburned chaparral resulted in low nitrate con-
centrations, and any fluctuations in soil nitrate con-
centration were the direct result of foliar leaching. 
The purpose of this study was to analyze the 
variations in nitrate concentration in the surface waters 
of five different watershed community types at Cuyamaca 
Rancho State Park (henceforth to be identified as CRSP) 
for a period of one year (June 1982 through May 1983). 
These data may then be used by park officials as a mon-
itoring base for evaluating any change in the nitrate 
concentration in streams below subsequent burns in any 
of these watersheds. These changes could result from 
a nitrate loss by leaching due to excess runoff following 
removal of vegetation by burning or from the addition of 
nitrate in the newly created ash itself. In either case 
it would be helpful to the managers to know where and 
when to burn in order to prevent the transport of min-
erals, particularly nitrate, from each watershed commun-
ity into runoff streams below. 
2 
Study Area 
The location of this study was in the Cuyamaca 
Mountains, specifically within the boundaries of CRSP of 
eastern San Diego County, California. Topography of 
the area ranges from stress canyons and meadows to mesas 
and mountain peaks, ranging in elevation from 1100 to 
1984 m. The plant communities of the region consist 
mainly of yellow pine forests, chaparral, riparian, oak 
woodland and grassland. The many surface streams through-
out the park (Fig. 1) support riparian species; i.e., 
sycamore (Platanus racemosa Nutt.), arroyo willow (Salix 
lasiolepis Benth.) and white alder (Alnus rhombifolia 
Nutt.). The yellow pine forest community (Fig. 2), with 
its dominant trees, Jeffrey pine (Pinus jeffreyi Grev. 
and Balif.) and black oak (Quercus kelloggii Newb. ), 
encompasses the greater part of the upper reaches of the 
park. This forest is also found on lower slopes, immed-
iately bordering some of the stream collection sites. 
The chaparral community (Fig. 3) with its hard-shrub 
species, mainly manzanita (Arctostaphylos), wild lilac 
(Ceanothus), scrub oak (Quercus ?umosa Nutt.) and coffee-
berry (Rhamnus californica Esch.), also caps the mountains 
in places, but is more common on slopes and borders of 
some of the streams. 
Canyon live oak (Quercus chrysolepis Liebm.) and 
coast live oak (~. agrifolia Nee) are the main trees of 
3 
4 
Figure 1. Map of Cuyamaca Rancho State Park showing loca-
tions of surr"ace waters (·""'-../), and their respective sampling 
sites (numbered). The watershed communities represented 
above the collecting sites include: a) upland YPF sites 
1, 4, 5, 6, and 15; b) meadow grassland/YPF sites 2, 3, 11, 
12 and 14; c) upland grassland/YPF sites 7, 8, 9 and 10; 
d) YPF/chaparral sites 13, 16 and 17; and e) live oak wood-













Figure 2. Yellow pine forest community near Azalia Creek 
Figure 3. Chaparral community near Descanso Creek 
7 
the live oak woodland community (Fig. 4), which inter-
mingle frequently with chaparral and yellow pine forest. 
Upland grassland (Fig. 5), dominated by needle grass 
(Stipa pulchra Hitchc.) along with other perennial bunch 
grasses, and meadow grasslands (Fig. 6), dominated by 
sedges (Carex sp. ), rushes (Juncus sp.), and deergrass 
(Muhlenbergia rigens Benth.) make up the remainder of 
the plant communities, which are considered to be the 
main watershe~ types above the surface water sampling 
sites of this project. The sampling sites are numbered 
along their respective streams in Fig. 1 and are shown in 
relation to the watershed types in Table 1. Further infor-
mation on the plant communities of CRSP is given by 
Martin (1982), Blankenship (1982) and Lathrop and Martin 
(1982 a and b). 
Materials and Methods 
The determination of nitrate in aqueous solutions 
is difficult because of the relatively complex procedures 
required, the high probability that interferring constit-
uents will be present, and the limited concentration 
ranges of the various techniques. Jenkins and Medsker 
(1963) used a brucine method for determination of nitrate 
in ocean, estuarine, and fresh waters within the range of 
0.05 and 0.8 ppm. Armstrong (1963) discussed an ultra-
violet spectrophotometric method for determining nitrate 
in uncontaminated waters (low in organic matter). West 
8 
9 
Figure 4. Live oak woodland community near SWR Falls 





Table 1 Table showing elevation and watershed vegetation 
of the sampling sites used for determination 
of nitrate concentration in surface waters of 
Cuyamaca Rancho State Park. The community listed 
first borders the stream site. The second com-
munity is on the upper slope. (See also Fig. 1.) 
Watershed vegetation Site No. Elev. ( M) 
Upland Yellow Pine Forest (YPF) 1 1289 




Meadow Grassland /YPF (MdG/YPF) 2 1460 
3 1420 
1 2 123 1 
1 4 1 21 3 
1 1 134 1 




YPF/Chaparral (YPF/Ch) 1 3 1250 
16 1164 
17 1250 
Oak Woodland/Chaparral (OW/Ch) 18 1396 
1 9 1 1 1 5 
20 1103 
2 1 1 103 
and Ramachandran (1966) proposed another spectrophoto-
metric determination of nitrate using chromotropic acid 
which was applicable to waters with nitrate concentrations 
ranging from 0.1 to 5.0 ppm. A fourth method involves 
the construction of a cadmium reduction column (Nydahl 
1976) which can be used to determine not only nitrate, 
but nitrite in the range of 0.01 to 1.0 ppm. Langmuir 
and Jacobson (1970) discuss the use of the specific ion 
electrode for the routine determination of nitrate in 
thirty-seven surface waters and compare the results with 
that of the brucine method. Caporali et al. (1981) used 
a specific ion electrode to determine monthly fluctuations 
in the concentration of nitrate in streams draining from 
an agricultural and a forested watershed in central Italy. 
In the present study, the Orion model 93-07 
specific nitrate ion electrode was chosen for use because 
it provided a fast, accurate and convenient method for 
making routine determinations within the range of 0.14 
to 1400 ppm nitrate concentration (APHA 1980). This 
electrode and the Orion double junction reference elec-
trode model 90-02 were used in conjunction with an Altex 
pH meter. 
This project, undertaken .June 1982 through May 
1983, consisted mainly of field observations and collec-
tions followed by laboratory analysis of the samples. 




monthly in opaqye bottles at twenty-one field collecting 
sites (Fig. 1 ), representing a cross-section of the surface 
waters of the park related to the watershed vegetation 
types. The water samples were taken to the laboratory 
in the Department of Environmental and Tropical Health 
at Loma Linda University the same day. The water samples 
were either analyzed immediately and discarded or stored 
in the refrigerator, after adding 1 ml preservative solu-
tion (Appendix A) per 100 ml sample, to prevent biological 
degradation of the solution. Preserved samples were ana-
lyzed within one week. 
The pearson, product-moment correlation coeffi-
cient (r) was used to compare the mean nitrate concen-
trations per month of each watershed type with the others 
and with monthly rainfall. Pearson's product-moment 
correlation coefficient was computed as: 
.~ (x t -x)(vt-Y) 
l = 1 
r = 
-v' ~ (xi.-xr.:t= (vt-vr 
1.=l i=l 
where Xi and Yi stand for the mean nitrate concentrations 
per month of either the two watershed types being compared 
or the watershed type compared to monthly rainfall. 
The following procedure, modified from that found 
in the Orion Instructional Manual for the Nitrate Ion 
,\ 
Electrode Model 92-07, was used to determine nitrate con-
centration of the water samples in the laboratory. 
Procedure for Laboratory Analysis 
Each sample bottle was shaken before removal of 
100 ml for testing. 
1. One ml Ionic Strength Adjuster (Appendix A) was added 
to a 100 ml volume of sample in a 150 ml beaker. The 
beaker was placed on a magnetic stirrer and stirred 
continuously while the measurement was being made. 
Since the selective ion electrode is sensitive to 
temperature, the water sample was brought to room 
temperature (20-25°C) before readings were made. It 
is recommended that an insulating material such as 
a sheet of asbestos or cork be placed between the 
stirrer and the beaker to prevent heating of the 
sample. 
The tips of the electrodes were immersed in the 
sample, and after waiting one minute for the reading 
to stabilize, the millivolt reading was read and 
recorded. The electrodes were removed from the 
sample, rinsed in distilled water and blotted dry. 
2. A series of nitrate standard solutions was prepared 
using the stock nitrate solution (1 ml = 1 mg N0
3
) 
according to the dilution schedule (Appendix A). The 





3. Using the data collected for the standard solutions, a 
calibration curve was constructed on semilog graph 
paper. The electrode potential was plotted on the 
linear axis and the nitrate concentration on the log 
axis. (See Appendix B for an example of a calibra-
tion curve used for surface waters at CRSP.) 
4. The nitrate concentration of the samples was deter-
mined using the procedure described in paragraph 1. 
Sample temperatures should be the same as those of 
the standards. 
5. Using the calibration curve, the electrode potential 
readings (in millivolts) for the samples were converted 
to nitrate concentrations (in ppm). 
Note: A calibration curve must be constructed for each 
specific ion electrode. Furthermore, electrode response 
must be standardized each day samples are to be ana-
lyzed in order to correct for any shift in electrode 
response from the original calibration curve. In this 
study 1 .mg/L and 10 mg/L nitrate standards were used. 
If preservative solution has been used in the samples, 
an equal amount must be placed in the nitrate standards 
in order to correct for any effect the preservative 
solution may have on the response of the electrode. 
Results and Discussion 
The mean monthly nitrate concentrations for each 
of the five watershed types from June 1982 through May 
18 
1983 are found in Table 2 and are graphically shown, along 
with the monthly rainfall, in Fig. 7. Mean nitrate concen-
trations of watershed types for the highest and lowest 
months, and the monthly mean for the year June 1982 
through May 1983, are compared in Table 3. The YPF/Ch 
watershed had a mean nitrate concentration for the year 
of 1.4!1.5 ppm that was three to four times higher than 
any of the other four watershed communities. The lowest 
mean nitrate concentration for the year (0.09 ppm) was 
found in the MdG/YPF watershed. A comparison of the mean 
nitrate concentrations per·month of each watershed type 
with the others and with monthly rainfall are listed in 
Table 4. There were significant positive correlations 
between nitrate concentration of the YPF watershed and 
those of the MdG/YPF and the G/YPF watersheds. The 
OW/Ch watershed, on the other hand, showed very little 
correlation with any of the other watershed communities. 
Analysis of seasonal relationships between nitrate con-
centration and rainfall in the different watershed com-
munities indicates a negative correlation of nitrate con-
centration with rainfall in all but the ow/ch watershed. 
However, none of these correlations were significant at 
OL. = 0.05, Table 4. If nitrate concentration is compared 
to rainfall for the previous month in the different 
watershed communities, a significant negative correlation 
occurs in the YPF watershed. Monthly nitrate concentrations 
Table 2 Mean monthly nitrate concentrations (ppm) for surface waters of Cuyamaca Rancho State Park from June 1982 
through May 1983. (Means± 1 sd.) YPf--Upland Yellow Pine forest; MdG/YPf--Meadow Grassland/Yellow Pine 
forest Upper Slope; G/YPf--Upland Grassland/Yellow Pine forest Upper Slope; YPf/Ch--Yellow Pine forest/ 
Chaparral Upper Slope; OW/Ch--Oak Woodland/Chaparral Upper Slope. N = number of samples. 
WATERSHED TYPES 
Month/Day N YPf N MdG/YPf N G/YPf N YPf/Ch N OW/Ch 
June 2 5 .41:!::.19 5 .29:!::.14 4 • 38':!::.11 3 1.10:!::1.30 4 .23±.08 
July 10 5 .28±.22 5 .29±.15 3 .36±.17 3 0.19±0.92 4 .16±.10 
Aug. 3 5 .20±.19 3 .29±.21 3 .36±.07 3 o. 77±i.10 2 .37±.02 
Sept. 1 3 .22±.09 1 .35 3 .u±.04 2 o.a1±0.9a 2 .n±.16 
Oct. 3 5 .30±.24 4 .45±.19 3 .12±.01 2 1.40±1.50 4 .25±.17 
Nov. 5 5 .36±.18 4 .35±.12 3 .32±.13 2 1.30±1.30 4 .2a±.14 
Dec. 13 5 .32±.15 5 .37±.24 4 .33±.14 3 1.10±0.88 2 .75±.49 
Jan. 12 5 .20±.07 5 .21±.24 4 .14±.05 3 0.90±1.20 4 .5a±.35 
feb. 7 4 .13±.oa 4 .09±.00 4 .10±.02 1 1.10 2 .49±.41 
Mar. 16 5 .14±.09 5 .21±.12 4 .21±.1j 3 0.57±0.54 4 .30±.26 
Apr. 14 5 .12±.03 5 .28±.10 4 .20±.04 3 0.49±0.32 4 .20±.16 
May 1 5 .14±.06 5 .14±.oa 4 .20±.01 3 0,33±,35 4 .22±.10 
20 
Figure 7. Variations in nitrate concentration of surface 
waters at Cuyamaca Rancho State Park compared 
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Comparison of nitrate concentrations of water-
shed types for the highest and lowest months 
and the monthly mean (x) for the year June 1982 
+ through May 1983. Means - 1 sd. 
N0 3 
Cone. (ppm) 
-Highest month Lowest month Monthly x 
June 0.41±0.19 Apr. .12±.03 .24:!:.13 
Oct. 0.45±0.19 Feb. .09±.00 .28±.14 
June 0.38±0.11 Feb. .10±.02 .24±.08 
Oct. 1.40±1.50 Apr. .33±.35 .90±.97 









Pearson, product-moment correlation coeffi-
cients comparing mean nitrate concentrations 
per month of each watershed community with 
each other and with monthly rainfall (p = .576 
at~ =0.05). Also, nitrate concentration is 
compared to rainfall for the previous month in 
the different watershed communities and is 
indicated in parentheses. 
23 
MdG/YPF G/YPF YPF/Ch OW/Ch Rainfall 
.683 .537 .696 -.089 -.430 (-.597) 
.226 .504 -.090 -.476 (-.352) 
-.020 - . 128 -. 153 (-.268) 
.226 - . 187 (-.478) 
.426. ( .411) 
for each sampling site from June 1982 through May 1983, 
along with monthly rainfall from May 1982 through 
April 1983, may be found in Appendix C. 
Seasonal variations in stream water chemistry have 
been found previously; Fredrickson et al. (1975) noted 
that at four experimental watershed sites in Oregon, 
nitrate concentrations peaked following the autumn rains 
and reached a minimum in the dry summer months. Schreiber 
et al. (1976) reported that nitrate loss was a linear 
function of storm runoff volumes from five different 
Southern pine watersheds. They ascribed variations in 
nitrate concentration to the degree of saturation of, 
and movement of water through, the soil. In the Mawher-
aiti River watershed, Mosley and Rowe (1981) suggested 
that a greater portion of runoff during the drier months 
is water which has been held in the soil mantle for longer 
periods and which has, therefore, had the opportunity to 
take up a greater solute load. Perhaps this would explain 
the relatively high nitrate concentrations in June for the 
YPF and YPF/Chaparral watersheds (Fig. 7). 
Conclusion 
Although there were variations in nitrate concen-
tration which may be related to season, discharge, lithol-
ogy and watershed type, perhaps the most striking feature 
24 
of the surface waters at CRSP, with respect to nitrate, is ~ 
the purity of the water which, at the highest concentration, 
did not approach the maximum safe limit of 10 ppm nitrate 
for human or animal consumption (Table 3). It should be 
noted, however, that Mosley and Rowe (1981) found that 
slash-burning in the Mawheraiti River watershed resulted 
in nitrate concentration increases up to ten-fold. If 
this ten-fold increase were to occur in the YPF/chaparral 
watershed of CRSP as a result of a burn, it could possibly 
bring the nitrate level dangerously close to the 10 ppm 
limit recommended for drinking water by the Federal Water 
Pollution Administration (1968). Furthermore, if the burn 
occurs just prior to heavy rainfall during the winter or 
spring, nitrate would be lost from the environment due 
to the leaching of nutrients, especially nitrates, out 
of the burned area of the watershed and into the surface 
waters below the watershed. This problem could be avoided 
by burning during the late spring or early summer months 
of April through June. In the future development of 
monitoring procedures in relation to burning at CRSP, 
it would also be useful to establish data baselines for 
nutrients in addition to nitrate, e.g., Ca, Na, Mg, P 
and K. The measurement of flow rates and total dissolved 
salts (TDS) of the surface waters at each sampling site 
would be helpful in determining the amount of nutrient 
loss from the watershed above. 
The data presented in this study should serve 
as an adequate baseline for monitoring the variation in 
25 
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nitrate concentration in surface waters at CRSP. This 
baseline may then be used to compare nitrate concentra-
tions after any prescribed burns in the five watershed 
types studied and perhaps help to prevent some of the prob-
lems previously described. 
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Appendix A 
























































1. Stock Nitrate Solution--dissolve 1.8045 g KN0
3 
in distilled 
water and dilute to 250 m. Preserve with 0.5 ml of chloro-
form. 
2. Ionic Strength Adjustor (ISA)--dissolve 35.04 g of ammonium 
fluoride in 50 ml distilled water and make up to 100 ml. 
3. Preservation Solution--dissolve 6.2 g reagent-grade boric acid 
in 100 ml boiling water. Let cool. Add 1 ml preservative Sol. 
to 100 ml of all standards and samples to prevent biological 












































Standard Calibration Curve for Specific 
Ion Nitrate Electrode 
80 160 240 
millivolts 
Appendix C. Monthly nitrate concentrations for each sampling site from June 1982 through May 1983. Monthly rainfall 
(cm) from May 1982 through April 1983. (T--trace = .09 ppm [N03], D--dry creek, --- indicates loss of 
sample due to vehicular failure.) 
Month 
Watershed 
T:t12e Site J J A s 0 N D J F M A M 
1 .60 .16 .49 .13 .16 .28 .24 .13 T T .12 T 
4 .13 .10 .13 D .13 .18 .13 .20 T T .ll T 
YPF 5 .30 .20 .10 • 71 .66 .52 .28 .24 T .ll .ll 
6 .52 .40 .10 .32 .30 .35 .38 .13 T T .10 .22 
15 .50 .52 .20 .21 .20 .35 .35 .24 .30 .18 .20 
2 .30 .49 D D .60 .30 T .10 T T .33 T 
3 .26 .24 D D .16 .52 .22 T T T .15 T 
MdG/YPF 11 .10 .10 .10 D D D .20 T T .24 .40 .28 
12 .28 .24 .52 D .52 .27 .70 .12 .28 .22 .14 
w 14 .49 .38 .24 .35 .50 .30 .35 .64 T .35 • .28 .12 
I\.) 
,. 
7 .35 D D D D D .38 .20 T .44 .25 .20 
8 .26 .18 .40 .10 .12 .46 .13 T T .12 .15 .20 
G/YPF 9 .52 .50 .40 .18 .12 .22 .38 .13 T .28 .20 .18 
10 .40 .40 .28 .12 .13 .27 .44 .13 .13 .23 .18 .20 
13 .30 .32 .12 D D D .64 .16 .28 .28 .12 
YPF /Ch 16 .32 .21 .20 .12 .32 .38 .52 .38 .24 .33 .14 
17 2.60 1.90 2.00 1.50 2.50 2.20 2.10 2.40 1.10 1.20 .86 .74 
18 .26 .35 .32 .16 .46 1.10 1.10 .78 .76 .50 .32 
OW/Ch 19 .21 .10 .50 .13 .50 .20 .20 .30 
20 .13 .28 .38 T .20 .30 .40 .38 .20 .35 .25 .14 
21 .32 .10 .12 .24 .35 .20 .15 .12 
Rainfall 0 .21 .59 4.24 LOO 28.48 23.78 17.23 30.36 45.87 21.59 .41 
